Synthesis of (3)
. Dimesitylvinylphosphine (100 mg, 0.34 mmol) and HB(C 6 F 5 ) 2 (117 mg, 0.34 mmol) were dissolved in pentane (7 mL) and stirred for 15 min. After degassing the solution, carbon dioxide (2 bar) was introduced for 30 minutes whereupon a white powder precipitated after 5 minutes. The precipitate was collected via cannula filtration after 2 hours and washed twice with pentane (2 mL). All volatiles were removed in vacuo to yield 3 (184 mg, 79%). Anal. Calc. for C 33 H 26 BF 10 O 2 P: C, 57.75; H, 3.82. Found C, 57.49; H, 3.68. Crystals suitable for X-Ray analysis were grown from a layered dichloromethane/ pentane solution under a CO 2 pressure of 2 bar at -36 °C . 1 237 Hz, C 6 F 5 ), 144.9 (d, 4 J PC = 2.1 Hz, p-Mes), 142.6 (d, 2 J PC = 9.2 Hz, o-Mes), 138.9 (dm, 1 J FC = 254 Hz, C 6 F 5 ), 136.6 (dm, 1 J FC = 254 Hz, C 6 F 5 ), 132.1 (d, 3 J PC = 11.4 Hz, m-Mes), 120.5 (br, i-C 6 F 5 ), 115.9 (d, 1 J PC = 73.6 Hz, i-Mes), 26.1 (d, 1 J PC = 34.4 Hz, P CH 2 ), 23.2 (d, 3 
Comparison of Theoretical and Experimental Structural Data for 3
A comparison of experimental and theoretical data for important structural parameters of the CO 2 adduct of 2 is given in Table 1 . In general the agreement between the experimental and theoretical data set can be regarded as very good. The largest deviation is observed for the rather weak P-C bond which is computed to be too long by 0.05 Å. The deviations for the other bond lengths are typically less than 0.03 Å and bond angles are computed in most cases with an accuracy of about 2-4 degrees. 
Mechanism of the reaction of 2 with CO 2
The mechanism of the reaction of 2 with carbonyl-group containing molecules is investigated in an exemplary manner for CO 2 . All relevant stationary point on the energy hypersurface have been computed at the B97-D/TZVPP' level (see Figure  1 ) and the relevant thermochemical data are given in Table 2 . We first will discuss the energetic data and then include the thermal and entropic corrections that yield H(298) and G(298), respectively. As can be seen from Table 2 , the two DFT methods provide similar results. The expected accuracy of the B2PLYP-D method for such relatively complicated bimolecular chemical reactions with not completely converged AO basis sets (due to the size of systems) is about 2-3 kcal/mol. As already noted in Ref. [1] , the energetically favored form of 2 is a four-membered ring in which the Lewis-acid / base pair is "self-quenched". The B-P bond, however, is relatively weak so that an open form with a gauche conformation is only about 14.8 kcal/mol (B2PLYP-D/TZVPP') higher in energy and 13.0 kcal/mol using B2PLYP-D/QZVP(-g, -f), repectively. These compares very well with the recently determined experimental activation barrier for this process of 15.9 kcal/mol [2] . The corresponding value with the B97-D/TZVPP' functional is substantially lower (9.5 kcal/mol) which is similar to the value of about 7 kcal/mol previously reported in Ref. [1] with B97-D (but a slightly smaller AO basis set). The smaller values with the semi-local B97-D method compared to those with B2PLYP-D are attributed to the more approximate character of the former approach. Part of the rather large variations of the relative energies with the chosen density functional (and also the sensitivity with respect to the AO basis set) can be explained with the size of the systems and the non-covalent interactions between the bulky substituents that are in datailed balance with e.g. the P-B/CO 2 interactions. 2(open) is the active species that first forms a typical van der Waals complex with CO 2 (binding energy of 5.4 kcal/mol (B2PLYP-D/QZVP(-g, -f)). In this complex (3(vdW)), the CO 2 molecule is already located in the "bay region" between the P and B atoms of 2 but is closer to the P-fragment (P⋅⋅⋅C distance of 3.6 Å) than to the boron atom (B⋅⋅⋅O distance of 4.1 Å). We interpret this as some kind of lone-pair (P) carbonyl carbon donor-acceptor interaction. The orientation of CO 2 changes when going to the transition state of the reaction (3(TS), see Figure 1 thermo-neutral (+0.9 kcal/mol (B97-D/TZVPP'), -1.3 kcal/mol (B2PLYP-D/TZVPP') and -2.9 kcal/mol (B2PLYP-D/QZVP(-g, -f)) at the three levels). The computed energy barriers for the decomposition of 3 back to CO 2 and 2 are 12.9, 18.1 and 18.2 kcal/mol, respectively, at the three levels which are in qualitative agreement with the experimentally observed thermal instability of 3 at 240 K. The corresponding data for the P(tBu) 3 / B(C 6 F 5 ) 3 / CO 2 system are also given in Table 2 .
Here the overall reaction is much more exothermic while the "preparation" step (formation of 2(open) or dissociation of the "frustrated" pair) requires almost the same amount of energy (13.0 and 15.6 kcal/mol, respectively).
Furthermore we tried to set up a model system for which high-level coupled-cluster calculations could be performed in order to benchmark the two DFT approaches. Unfortunately, this was not successful. When replacing the Mes / C 6 F 5 substituents in optimized structures of 1 or 3 by hydrogen atoms, this PH 3 -CO 2 -BH 3 system dissociates without any barrier in geometry optimizations (at DFT and SCS-MP2 theoretical levels) to a complex of H 3 PO and CO-BH 3 . Although this prevents any reasonable calibration work, the result seems rather interesting as it emphasizes the importance of the bulky substituents for this (and probably similar) reactions.
The computed corrections to H(298) and G(298) are typical for mono-and bi-molecular reactions. The differences between energies and enthalpies are negligible in all cases so that the conclusions stated above remain valid when the more appropriate enthalpies are considered. The picture, however, changes considerably (as expected) for the bi-and trimolecular reactions when the free enthalpies are discussed. 3 should not exist under equilibrium conditions. The free enthalpy values, however, should be taken with some care because the large molecules have many very soft vibrational modes (<50 cm -1 ) which may cause significant errors for entropies when treated in the harmonic approximation. -a A value of 11.5 kcal/mol has been reported at the SCS-MP2/cc-pVTZ level of theory for this reaction [3] . b A value of -26.3 kcal/mol has been reported at the SCS-MP2/cc-pVTZ level of theory for this reaction [3] .
Theoretical Methods and Technical Details of the Computations
The quantum chemical calculations have been performed with slightly modified versions of the TURBOMOLE suite of programs. [4] As Gaussian AO basis, large triple-zeta (denoted here as TZVPP') sets of Ahlrichs et al. [5] have been employed.
In standard notation these are [5s3p1d] for C, N and F and [3s1p] for H. For the reactive "core" of the systems (B and P atoms, C and O atoms of the carbonyl groups) the bigger TZVPP' basis set (2d1f set of polarization functions) is used. All geometries have been fully optimized at the DFT level using the B97-D semi-local GGA density functional [6] that also includes an empirical correction for London dispersion (also called van der Waals) interactions [6, 7] . For a detailed description of this dispersion correction, that is of great importance in studies of large molecules, including many illustrative 6 examples see ref. [1, 7, 8] The theoretical level employed for structure optimizations is denoted B97-D/TZVPP'. It has been used successfully already (but with a slightly smaller AO basis set) to explore the reaction of 2 with dihyrogen [1] . In all DFT treatments, the RI-approximation has been used [9] for the Coulomb integrals which speeds the computations up significantly without any significant loss of accuracy. In passing it is noted that even according to present day computer resources the considered systems (up to 47 non-hydrogen and 73 total number of atoms) are rather large when extended basis sets are used (as we do). The structures were used in subsequent single-point computations with the dispersion-corrected double-hybrid density functional B2PLYP-D [10, 11] . This method (in addition to a portion of HF-exchange) includes a non-local correlation term that is derived from a second-order perturbation theory. The B2PLYP-D method (that also includes the London-dispersion correction) when used together with large AO basis sets is currently the most accurate DFT method for general thermochemical applications (see e.g. Ref. [12, 13, 14] ). In these calculations we employ the huge quadruple-zeta sets (def2-QZVP [13] ) with discarded g-and f-functions on carbon/fluorine and hydrogen, respectively. In standard notation they are then [7s4p3d2f]] for C and F, [7s4p3d2f1g] for B, [9s6p4d2f1g] for P and [4s3p2d] for H (denoted as QZVP(-g,-f)). In the perturbation treatments also the RI-approximation using corresponding optimized auxiliary basis sets [15] have been used. Analysis of the bonding situations was performed using Wibergs's covalent bond orders [16] and with the help of localised molecular orbitals (LMO) that both have been obtained from the Kohn-Sham determinants. The LMO have been computed using the localization algorithm of Pipek and Mezey [17] . All stationary points have been characterized as minima or transition states, respectively, by parallel calculation of harmonic vibrational frequencies (B97-D, unscaled) using the numerical derivatives of analytical gradients using the program SNF [18] . 
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